The epithelial changes commonly found in irondeficient patients could possibly be due to a deficiency of essential iron-containing enzymes. In gastrointestinal mucosae the effect of such a deficiency might be aggravated by the rapid turnover of cells. This hypothesis could explain the improvement in gastric secretion which has been found by several authors after the treatment of iron-deficiency anaemia (Shearman, Delamore, and Gardner, 1966; Jacobs, Lawrie, Entwhistle, and Campbell, 1966; Stone, 1968) .
Cytochrome oxidase was chosen for study in the gastric mucosa because previous work (Jacobs, 1961; Dagg, Jackson, Curry, and Goldbreg, 1966) had shown that this enzyme might occasionally be absent in the buccal mucosa of iron-deficient patients.
METHODS
Gastric biopsies were taken with a Crosby-Kugler capsule (Crosby and Kugler, 1957) at a distance of 45 to 55 cm from the incisor teeth (Joske, Finckh, and Wood, 1955) . The biopsies were flattened on a card and immediately frozen between two pieces of solid carbon dioxide. They were cut within two hours using a cooled knife at about -30°C. Sections of 8 to 10,u in thickness were dried in air and stained by the method of Butcher, Diengdoh, and Chayen (1964) . The reagent employed was a solution of N-phenyl-p-phenylenediamine and l-hydroxy-2-naphthoic acid, buffered to pH 7-4 with Tris buffer; the incubation period was 60 minutes. Adjacent sections were stained with haematoxylin and eosin and the degree of gastritis was assessed by the criteria of Bock, Arapakis, Witts, and Richards (1963) .
Maximal acid output was studied in some patients with the histamine-infusion test (Lawrie, Smith, and Forrest, 1964) . Serum iron and iron-binding capacity Received for publication 20 February 1968. were determined by the methods of Ramsay (1957a and b) .
PATIENTS STUDIED
Biopsies from two normal subjects and from 22 patients with iron deficiency were stained for cytochrome oxidase activity: clinical and haematological data and a histological assessment of the severity of the gastritis are shown in the Table. Iron deficiency was diagnosed by the finding of an iron-binding capacity saturated less than 16% (Bainton and Finch, 1964) . One patient (case 9) had a normal serum iron level and percentage saturation, but his red cells were grossly hypochromic and the anaemia, due to a carcinoma of the colon, responded rapidly to iron. One patient (case 17) did not have a serum iron estimation, but the anaemia was also grossly hypochromic and responded to iron. In one patient (case 19) the haemoglobin was 13-0 g/100 ml despite a low serum iron and percentage saturation.
RESULTS
The distribution of enzyme activity was similar to that described by Floch, van Noorden, and Spiro (1967) in the stomachs of normal man, monkey, and chimpanzee. Activity was strong in parietal cells, and slight activity was present in chief cells, but the epithelial cells were unstained (Fig. 1) . Cytochrome oxidase activity was virtually absent from one biopsy, from case 7, which contained no parietal cells. In all other biopsies the intensity of the staining of parietal cells was similar. Furthermore, all parietal cells present appeared to be stained to a similar extent. The number of these cells, and therefore the total amount of staining, varied with the severity of the atrophic change, as determined in the haematoxylin and eosin preparations. This is illustrated by sections from a patient with atrophic gastritis (Fig. 2 (Cohen and Elvehjem, 1934) , and pigs showed a decrease in the cytochrome c of kidney and heart, in liver catalase, and in the myoglobin of heart and leg muscle (Gubler, Cartwright, and Wintrobe, 1957) ; cytochrome oxidase activity was unchanged. Beutler (1959) obtained similar results in rats and also showed a fall in the iron-containing but non-haem enzyme succinic dehydrogenase in kidney and heart. In rat liver, cytochrome c (McCall, Newman, O'Brien, and Witts, 1962 ) and glucose-6-phosphate dehydrogenase (Srivastava, Zaheer, and Krishnan, 1964) were diminished. In man cytochrome oxidase was possibly reduced in iron-deficient white cells, but red-cell catalase was normal (Beutler, 1959) . The activity of deltaamino-laevulinic acid dehydrase was depressed in iron-deficient erythrocytes (Rubino, Teso, and Rosetti, 1960) .
Parts of the alimentary tract have been studied in man and in animals. Jacobs (1961) found that cytochrome oxidase was absent histochemically in the buccal mucosa of six of 30 iron-deficient patients, and also in one 'normal' man who proved to have a low serum iron and an MCHC of 29%. Three patients had recovered normal activity in biopsies taken 48 hours after an intravenous dose of iron. No abnormality of succinic dehydrogenase activity was found in this study. Similar findings for cytochrome oxidase were reported by Dagg et al (1966) , but they were unable to show any correlation with the atrophic changes present in the mucosa.
The activity of cytochrome c in the intestinal group.bmj.com on October 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from mucosa of iron-deficient rats was diminished more than in heart and diaphragm, but less than in skeletal muscle (Dallman and Schwartz,1965a) . Cytochrome oxidase was diminished in the villous epithelial cells, but increased staining appeared rapidly in the new cells arising from the crypts after iron had been given (Dallman and Schwartz, 1965b) . Similar results were later reported in iron-deficient infants, but a number of experiments with intestinal absorption in iron-deficient rats failed to show any abnormality which could be ascribed to enzyme depletion (Dallman, Sunshine, and Leonard, 1967) . Binder, Fischer, Thayer, Spencer, and Spiro (1966) found, on the other hand, that cytochrome oxidase and succinic dehydrogenase were histochemically normal in the gastric and intestinal mucosae of iron-deficient rats.
Succinic dehydrogenase in human gastric mucosa has been studied in resected specimens (Myren, Lygren, Skrede, and Oystese, 1963) and in biopsies (Myren, Skrede, and Torgersen, 1963) , but it was not stated whether any patients were anaemic or iron deficient. These workers found that the enzyme activity was almost confined to parietal cells. The depth of staining varied somewhat, but they were unable to relate this to the maximal acid output: there was a striking relationship, however, between the number of stained parietal cells and the maximal acid output. The illustrations suggest that almost all parietal cells were stained, and the latter correlation merely supports the work of Card and Marks (1960) concerning the 'parietal cell mass'.
The present investigation was concerned with a different enzyme, but this was also confined to parietal cells. Clearly their metabolic activity is much higher than that of other mucosal components. The amount of staining in the sections appeared to be proportional to the number of parietal cells present, and there was no staining in one biopsy in which none of these cells were visible.
The intensity to which individual parietal cells were stained varied only slightly, and there was no biopsy in which the intensity was noticeably less than normal. Histochemical techniques are limited in their ability to demonstrate small differences in the concentration of an enzyme, and only major differences can be regarded as significant. None were observed, and it must be concluded that in this group of patients there was no evidence of depletion of cytochrome oxidase in the gastric mucosal cells. The reversible depression of gastric secretion associated with iron-deficiency anaemia in some patients may be due to the anaemia itself or to atrophic changes in the mucosa rather than to depletion of enzymes within the mucosal cells.
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